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Abstract
Objectives—The purpose of this study was to assess the knowledge and beliefs of 72 Latino 
farmworkers in North Carolina about the threat of health effects of pesticides, including cancer. It 
sought to explore relationships between threat perceptions and pesticide protective behaviors 
observed in the field.
Methods/Results—Utilizing stepwise multiple regression, the authors found that years worked 
in agriculture in the United States was associated with decreased use of protective clothing.
Conclusion—Pesticide protective behaviors in the field may be improved by utilizing 
moderately experienced farmworkers (<10 years) as lay advisors to reinforce training.
Keywords
Latino migrant and seasonal farmworkers; pesticide protective behaviors; threat of cancer; threat 
of illness
Introduction
Exposure to pesticides has been linked to deleterious health effects for agricultural 
workers,1–7 including delayed neuropathy,7 DNA damage and mutations,8 thyroid disease,9 
diabetes,10,11 Parkinson’s disease,-7,12 and several cancers.13,14 Two of the most commonly 
used pesticides in North Carolina tobacco production15 are carbaryl and pendimethalin. 
Carbaryl has been associated with cutaneous melanoma16 and may be associated with non-
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Hodgkin lymphoma (NHL),17 whereas pendimethalin has been associated with lung 
cancer.18
Several pesticide protective behaviors (PPBs), including using gloves,12,19–21 washing 
hands,12,19,22 wearing long sleeves,20 wearing boots,20 and wearing a combination of long 
sleeves, long pants, shoes, and a hat,19 have been found to be effective in decreasing 
pesticide exposure and risk for pesticide-related illness. Several farmworker studies have 
evaluated the effectiveness of protective clothing and hand washing19,22,23 and found 
reduction in dermal pesticide exposures. The Worker Protection Standard (WPS) mandates 
that farmworkers be taught PPBs, including the following: washing hands before eating, 
drinking, smoking, or using the toilet; wearing protective clothing; showering and changing 
clothes immediately after work; and washing work clothes separately from other laundry.24
Early surveys of Latino farmworkers in North Carolina found that they were more likely to 
identify acute effects of pesticide exposure (e.g., nausea, vomiting) than long-term effects of 
low-level exposure to pesticides.25,26 In one of these studies, it was found that few 
farmworkers believed that adverse health effects from pesticide exposure would last more 
than 1 day.26 Research conducted with farmworkers in the southeastern United States 
suggests that farmworkers believe that some individuals are more susceptible to pesticide 
illness based on age and gender.25–27 In a study conducted in the Yakima Valley of 
Washington, farmworkers who had pesticide training within the last 5 years and those who 
lived in labor camps practiced more protective behaviors at work.28 A lack of knowledge 
and information regarding the causes of cancer and its prevention, detection, and treatment 
among Wisconsin farmworkers has been associated with their fatalistic attitudes toward 
cancer.29
According to the Health Belief Model (HBM),30 perceived susceptibility and perceived 
severity, which taken together constitute perceived threat, are expected to correspond to an 
increase in protective behaviors.31 Modifying factors, called cues to action, increase the 
likelihood that one will engage in protective behaviors.31 In this study, we explored 
perceived susceptibility, perceived severity, and several modifying factors. Specifically, the 
study goal was to describe the extent to which Latino farmworkers perceive exposure to 
pesticides as a cause of illness generally, and cancer specifically, and to explore the 
relationships among threat perception, personal characteristics, training, and experience with 
use of PPBs in the field.
Methods
Participants
Seven growers from one of the largest tobacco production counties in North Carolina were 
approached about this study. These growers were identified based on their having previously 
participated in a safety intervention called Certified Safe Farm focused on injury reduction. 
Three of those seven growers agreed to provide access to their farms to approach the 
farmworkers working for them. After obtaining institutional review board approval, 72 
farmworkers were approached, agreed to participate, and provided informed consent.
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Measures
The Health Belief Model guiding this study proposes that perceived susceptibility to an 
illness and perceived severity of the illness are crucial to one’s health-related behaviors. Two 
threat questionnaires were developed by the authors and verbally administered in Spanish. 
Instruments were validated for Spanish translation by using two independent translators, one 
was a bilingual speaker whose parents were farmworkers and who lived closed to the farms 
in the study and the other was a couple, one of whom was a native English speaker living in 
a Spanish-speaking country and the other a native Spanish speaker. Responses were captured 
by a 4-point Likert scale, with response options of strongly disagree (1), disagree (2), agree 
(3), and strongly agree (4); the authors consulted literature and other researchers who 
recommended fewer response options for groups with low literacy levels like the 
farmworkers in our study.32 Item scores were totaled (range: 5–20), with higher scores 
indicating higher perceived threat. Items were also analyzed individually.
Illness Threat Questionnaire (ITQ)
The 5-item ITQ, guided by the HBM and developed by the investigators, assessed perceived 
severity and susceptibility to illness in general, knowledge about health problems as a result 
of pesticide exposure, and efficacy of PPBs. The Cronbach’s alpha was .670. An additional 
item that was not part of the summary score measured familiarity with people with illness as 
a result of pesticide exposure.
Cancer Threat Questionnaire (CTQ)
The 5-item CTQ, guided by the HBM and developed by the investigators, assessed perceived 
severity and susceptibility to cancer, knowledge about cancer risk, and efficacy of PPBs. The 
Cronbach’s alpha was .697. An item that was not part of the summary score measured 
familiarity with people with cancer as a result of pesticide exposure.
Participant characteristics
Demographic data were collected verbally by participant self-report as part of the 
questionnaire administration. Items captured personal characteristics, agricultural 
experience, worker status, education and English proficiency, pesticide training, and cancer 
in farmworkers’ families.
Observational checklist
An observational checklist was also developed to record the use of PPBs by farmworkers 
during a workday.33 The behaviors included in the checklist were identified from the US 
Environmenal Protection Agency (EPA) “Protect Yourself from Pesticides” brochure 
developed to address WPS criteria34: wearing long pants, a long-sleeved shirt, shoes, and 
socks, and washing hands and face before eating and drinking. Use of gloves, water-resistant 
outerwear, and hats, although not included in the EPA brochure, were also captured. In every 
30-minute block, the primary investigator noted “yes,” “no,” or “could not be observed” for 
each behavior for each participant being observed. Observed behaviors were then aggregated 
from an individual observation level (a 30-minute time period) to how often they occurred at 
a person level, and then placed into one of three categories: none of the time (0% of the 
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observations), all of time (100% of the observations), or some or most of the time (>0% and 
<100% of the observations).
Two observed behavior summary scores (clothing and washing) were calculated. The 
observed clothing summary score included three items from the EPA brochure (wearing long 
pants, long sleeves, closed shoes) as well as gloves (not required but efficacious) and two 
others (hats, water-resistant outerwear), for a maximum summary score of 6. Four possible 
behaviors constituted the summary score for observed washing behavior (washing hands 
before drinking, washing face before drinking, washing hands before eating, and washing 
face before eating), for a maximum summary score of 4.
Data collection
For each observation day, the primary investigator observed up to eight farmworkers. The 
observation period included the entirety of the workday (6–12.5 hours). There were a total of 
1,442 observation points.
The two questionnaires were administered on a subsequent weekend evening at the 
farmworkers’ homes or labor camp. A native Spanish speaker whose parents were 
farmworkers and who grew up near farms in the study was trained to administer the 
questionnaires with the primary investigator present.33 Farmworkers received a $25 gift card 
and a hat from a local farmworker service agency after participation.
Analyses
Questionnaire data were recorded by the interviewer on paper and audio recorded. All data 
were managed using REDCap electronic data capture tools.35 For quality assurance, 10% of 
the data were reviewed by the primary investigator, with 100% accuracy found. Data were 
analyzed in SPSS version 22.36 Descriptive statistics of demographic and outcome variables 
were assessed using means and ranges for continuous variables, and frequencies and counts 
for categorical variables.
Stepwise multiple regression was utilized to predict mean observed clothing and washing 
behavior summary scores from blocks of independent variables (personal characteristics and 
perceptions of threat). The block of personal characteristics included in the regression were 
age; whether or not the farmworker was in the United States on a work contract; year of 
experience in agriculture in the United States, outside of the United States, and in tobacco, 
respectively; education level; and year of last pesticide training. These characteristics were 
selected because we believed age, whether or not one was in the United States on an H-2A 
visa, experience, education, and recency of training could most impact protective behavior. 
The block of threat perceptions included questionnaire items related to perceived 
susceptibility, perceived severity, and perceived efficacy of PPBs with regard to both 
illnesses and cancer. Perceived susceptibility of families was not included, because of a lack 
of variability in the sample. Knowledge about pesticides was not included, because we 
recognized that knowledge about illness caused by pesticides would have been a more 
precise measure and more consistent with the cancer etiology question on the CTQ. Finally, 
knowing others who became sick or developed cancer was not included, because it emerged 
as a separate factor in early factor analyses of the instrument. The forward stepping method 
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was used for the personal characteristics block of variables, and the enter method was used 
for the perceptions of threat blocks of variables.
Results
Participant characteristics
Farmworkers were predominantly male (96%) from Mexico (97%) and with an average age 
of 33 years; most had no more than a middle-school education (89%) (see Table 1). The 
majority (90%) were in the United States on a work contract and had worked in agriculture 
an average of 12 years outside of and 6 years inside the United States. Almost all reported 
some pesticide safety training experience within the EPA-regulated time frame (97%).
Illness threat
On the ITQ, the majority of farmworkers (n = 62, 86%) agreed or strongly agreed that 
working around pesticides could cause health problems for themselves, although fewer (n = 
52, 72%) believed working around pesticides could cause health problems for their families 
(see Table 2). Most reported that health problems caused by pesticides were serious (n = 59, 
82%), and all (n = 72, 100%) reported that PPBs (specifically clothing) were efficacious in 
decreasing risk of illness. Just over half (n = 43, 58%) said that they knew a lot about 
pesticides. The mean illness threat summary score was 15.0 out of a maximum of 20 (range: 
8–20, SD = 2.3). On the single item that was not included in the summary score, 49 
farmworkers (68%) reported knowing someone who had developed health problems as a 
result of pesticide exposure.
Cancer threat
On the CTQ, the majority of farmworkers (n = 61, 84.5%) agreed or strongly agreed that 
working around pesticides increased their cancer risk, although fewer (n = 48, 67%) believed 
working around pesticides could increase cancer risk for their families (see Table 3). Most (n 
= 66, 91.5%) reported that cancer was a serious illness, and most (n = 68, 94.5%) reported 
that PPBs were efficacious in decreasing one’s risk of cancer. Half of the farmworkers (n = 
36, 50%) reported that they knew a lot about how one gets cancer. The mean cancer threat 
summary score for farmworkers was 14.9 out of a maximum 20 (range: = 7–20, SD = 2.3; 
see Table 4). For the single item that was not included in the summary score, 37 
farmworkers (52%) reported knowing someone who had developed cancer as a result of 
pesticide exposure.
Observed PPBs
With a maximum of 6, the mean summary score for observed clothing behaviors was 4.8. 
Taken independently, the mean observed clothing behavior score was 3.5 out of 4 for the 
three behaviors included in the EPA brochure plus gloves, and 1.3 out of 2 for the two other 
behaviors, showing more compliance with behaviors included in the brochure (and gloves).
Some observational data for washing were missing: two farmworkers (3%) were never 
observed drinking, and a larger proportion (n = 30, 42%) were never observed eating in the 
field. Therefore, their washing before drinking or eating behaviors could not be observed. 
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The mean summary score for observed washing behaviors was only 0.3 out of 4.0 (see Table 
4).
Predicting PPBs
Stepwise multiple regression analyses were conducted to evaluate how well the personal 
characteristics and perceptions of threat predicted observed behaviors. First, clothing 
summary scores were examined. The forward stepping method indicated that personal 
characteristics (in particular, years worked in US agriculture) accounted for a significant 
amount of the clothing behavior variability (R2 = .125, F(1, 69) = 9.897, P = .002); those 
who had more years of agricultural experience in the United States were more likely to have 
lower observed clothing behavior scores (standardized beta coefficient = −354; P = .002). 
The second block of variables (individual threat perceptions for illnesses and cancer), 
analyzed with the enter method, showed that there was no contribution to predicting clothing 
behavior variance (R2 change = .094, F(6, 63) = 1.27, P = .284). More years of agricultural 
experience in the Unites States was the only variable related to observed clothing behavior 
scores.
A stepwise multiple regression analysis was also conducted to predict the observed washing 
summary score from threat perception and personal characteristics utilizing the same 
variables as for clothing behaviors. The forward stepping method indicated that personal 
characteristics (in particular, year of last pesticide training) accounted for a significant 
amount of the observed washing behavior variability (R2 = .122, F(1, 39) = 5.404, P = .025): 
those who had more recent pesticide training were less likely to engage in washing 
behaviors (standardized beta coefficient = −.349, P = .025). The second block (individual 
threat perceptions), analyzed with the enter method, showed no contribution to predicting 
washing behavior variance (R2 = .153, F(6, 33) = 1.162, P = .350). Recency of pesticide 
training was the only variable related to observed washing scores.
Discussion
Personal characteristics
The majority of farmworkers in this study were in the United States on a work contract and 
were moderately experienced in agriculture (6 years worked in the United States and 12 
years outside of the United States, on average). Almost all farmworkers in the study (97%) 
reported receiving pesticide training. This finding is similar to the high rates of training 
among North Carolina farmworkers recently reported by Levesque et al.,37 and a dramatic 
increase from the rates of 35% and 75% reported in 1999 and 2009, respectively.38,39 Video 
training was the most common method (94%) for pesticide education, although some 
workers also reported participating in discussions and practice sessions. All farmworkers 
who reported receiving training reported receiving it within the previous 5 years, as required 
by the EPA at the time of this study. In January 2017, training about required protections 
became an annual requirement.
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Illness and cancer threat from pesticide exposure
Farmworkers perceived a substantial threat to health from pesticide exposure; they reported 
believing that pesticides could cause serious health problems. The finding that one quarter of 
farmworkers did not perceive a risk to their families from their own pesticide exposure must 
be interpreted with caution. The majority of farmworkers were living in labor camps and not 
living with family during the study. They may have interpreted the question in a temporal 
way, meaning that there was not a risk to their family at the present time because they were 
separated from family.
The vast majority of farmworkers agreed that pesticides increased one’s risk of cancer and 
that cancer was a serious illness. Although prior studies about farmworkers’ perception of 
cancer threat have been limited, this appears to be a significant increase in the awareness of 
cancer risk from pesticide exposure; Lantz et al.28 reported a lack of knowledge and 
information about the causes of cancer.
Nearly all farmworkers agreed that protective clothing was efficacious in minimizing 
exposures. We did not specifically ask about protective washing behaviors, which is an 
important area to explore in the future. From our field observations, farmworkers were much 
more adherent to using protective clothing than to engaging in protective washing.33 To 
improve protective washing behaviors, it would be important to know the degree to which 
beliefs about the efficacy of hand and face washing play a role in the adoption of these 
practices. In addition to beliefs about the efficacy of washing, future research should 
examine self-efficacy of engaging in washing behaviors.
Predicting PPBs
Although the predictive ability of our regression model must be interpreted with caution due 
to small sample size, more years of agricultural experience in the United States accounted 
for nearly 10% of the variance in observed clothing behavior, more than any aspect of 
perceived threat. Prior studies have found that farmworkers who have worked more than 10 
years in agriculture (country not specified) are less likely to wear protective clothing (hats, 
socks, gloves).37 It was also found in a recent evaluation study of a pesticide safety 
curriculum that farmworkers with more years of agricultural experience were less responsive 
to training.40 Viewing our results in a scatter-plot (not shown) suggests that clothing 
behaviors scores are higher for those with fewer than 9 years of experience in the United 
States, supporting the prior findings that, after a point, protective clothing behavior declines. 
Farmworkers with less than 9 years of experience who practice PPBs might be ideal lay 
educators for pesticide safety training beyond the current video method. Future interventions 
for the most experienced farmworkers deserve attention.
Our findings suggest, counterintuitively, that recency of training was related to fewer 
washing behaviors; however, one farm that reported annual video training but had not yet 
shown the video for the year had the most workers who engaged in washing behaviors, 
contributing to what may be a spurious finding.
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Limitations
The limitations of this study include its small sample size, a bias toward workers on safety-
motivated farms, and exploring only one crop in one geographic region. The ITQ did not 
differentiate short- from long-term illness. Likewise, the PPBs in the instruments only 
included clothing behaviors and not washing behaviors. Both are important given differences 
previously reported in observed clothing and observed washing behaviors.33
Perceived threat may not be the most significant modifying factor of protective behavior. 
Other factors to include are the provision and availability of supplies,26,28,41–44 
psychological variables (e.g., fatalistic beliefs and perception of control), cues to action 
(e.g., advice from coworkers), and self-efficacy in carrying out the behaviors. More details 
about provision and availability of supplies can be found in another manuscript reporting 
related study results.33 In this study, it appeared that threat alone was not a significant 
predictor of behavior.
Conclusions
New contributions to the literature
We found that farmworkers perceive a threat of illness from pesticides and a greater cancer 
risk than previously reported, but using our instruments, these did not appear to be predictive 
of behavior.28 Farmworkers also perceive that clothing PPBs are effective in minimizing 
risk. This study suggests that there is a window of experience (less than 10 years) in which 
use of protective clothing is at its peak; future interventions should explore the utilization of 
farmworkers with moderate experience (7–9 years) as lay advisors to reinforce and improve 
PPBs in the field.
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Table 1
Farmworker personal characteristics.
Personal characteristic Mean (SD) Frequency (%)
Demographics
Age 32.8 (11.5)
Gender
 Male 69 (96%)
 Female   3 (4%)
Ethnicity: Latino 72 (100%)
Home country
 Mexico 70 (97%)
 Honduras   2 (3%)
Highest level of education completed
 Less than middle school 26 (36%)
 Middle school 38 (53%)
 Some higher education or beyond   8 (11%)
Agricultural experience
Seasons lived in the United States   6.5 (5.6)
Years worked in agriculture outside of the United States 12.3 (10.3)
Years worked in agriculture in the United States   6.4 (5.6)
Years worked in tobacco   6.9 (5.6)
In the United States on a work contract
 Yes 65 (90%)
 No   7 (10%)
Pesticide training
Type of training (more than one response allowed)
 None   3 (4%)
 Video 68 (94%)
 Presentation/discussion   6 (8%)
 Practice session   7 (10%)
Year of last pesticide safety training
 Never   2 (3%)
 2012 or 2013 12 (17%)
 2014 58 (80%)
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Table 4
Summary scores for observed pesticide protective behaviors and for perceived threat.
Score of interest Possible range Median Mean Actual range
Observed clothing behaviors (n = 71) 0–6 5 4.81 3–6
Observed washing behaviors (n = 41) 0–4 0 0.256 0–1.5
Illness threat (n = 72) 5–20 15 15.04 8–20
Cancer threat (n = 72) 5–20 15 14.98 7–20
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